Rationale: Intensive care unit (ICU) patients who receive mechanical ventilation are at high risk for early rehospitalization. Given the medical complexity of these patients, a lack of continuity of care may adversely affect their outcomes during rehospitalization.
For the past decade, decreasing unplanned rehospitalizations has been a focus of the U.S. national health care agenda (1) (2) (3) (4) . These events are viewed as potential lapses in the quality of care and are costly, with an annual estimated cost of $17 billion for Medicare (3) . Although rehospitalizations for critically ill patients are not specifically tracked by the Centers for Medicare and Medicaid Services, such rehospitalizations are common; approximately 16% of survivors of critical illness are rehospitalized within 30 days of hospital discharge (5) , and rates as high as 27% have been reported for survivors of severe sepsis (6) (7) (8) .
Rehospitalization itself is potentially a result of lower-quality care (9, 10) , but a lack of continuity of care due to rehospitalization at a different hospital may further impair the quality of care that is delivered and adversely affect patient outcomes.
Discontinuity of care has been shown to be common in both complex surgical and nonsurgical patients (11) (12) (13) . Continuity of care (defined in various ways) is associated with improvements in survival as well as with decreased rates of rehospitalization, acute care use, and costs (12) (13) (14) (15) (16) (17) (18) (19) (20) . Critically ill patients, particularly those receiving mechanical ventilation, are a group of medically complex patients at high risk for rehospitalization and thus represent an important population in which to determine whether a lack of continuity of care adversely affects outcomes of rehospitalization. Furthermore, in patients requiring prolonged mechanical ventilation, transitions of care after discharge are frequent, rendering multiple opportunities for lapses in continuity of care (21) . Consequently, we undertook this study to determine whether mortality during rehospitalizations differed for patients rehospitalized at a different hospital as opposed to the index hospital where the original intensive care unit (ICU) stay occurred. We also examined differences in length of stay during the rehospitalizations and costs associated with the care. Some of the results of this study have been published previously in the form of an abstract (22) .
Methods

Patients and Data Collection
The study protocol was reviewed and approved by the institutional review board of Columbia University Medical Center (IRB-AAAJ2158, New York, NY). The need for written informed consent was waived. We used data retrieved from the New York Statewide Planning and Research Cooperative System (SPARCS) for the years 2008-2013, a comprehensive datareporting system of patient-level data including patient characteristics, diagnoses and treatments, services, and charges for every hospital discharge in New York State. Details about this database and the creation of this cohort have been published previously (5) . Briefly, the cohort consisted of all patients who were discharged alive after an index acute care hospitalization with admission to an ICU with mechanical ventilation (defined by ICU bed use billing codes) who subsequently had an unplanned rehospitalization within 30 days of hospital discharge (defined as an admission where the patient's condition does not allow time for the admission to be scheduled at least 24 h prior). For patients who were transferred to another acute hospital within the SPARCS database (defined as having visits ,1 d apart), we combined these events into a single acute hospitalization and designated the hospital of discharge as the initial hospital for the purposes of analysis. We chose to limit the cohort to patients receiving mechanical ventilation because they represent a very sick subset of critically ill patients, and this restriction creates greater homogeneity of severity of illness. Use of mechanical ventilation was determined using International Classification of Diseases, Ninth Revision, procedure codes (96.70, 96.71, 96.72). Both medical and surgical patients, including cardiac surgery patients, were included in the cohort. Because we did not have data regarding deaths and rehospitalizations occurring outside New York State, patients whose primary residence was outside the state were excluded to minimize any bias due to this loss of information (23 The primary outcome was mortality during rehospitalization. Secondary outcomes included length of stay and costs during rehospitalization. SPARCS reports total charges (sum of accommodation and ancillary charges), accommodation charges, and ancillary charges (encompassing all charges not related to accommodations) for each hospitalization, and it contains billing codes for specific services. We converted charges to costs using cost-to-charge ratios derived from the Hospital Inpatient Cost Transparency file (available at https://health.data.ny.gov). In addition to accommodation, ancillary, and total costs, we also examined differences in costs related to laboratory, diagnostic radiology, and diagnostic cardiology testing because we hypothesized that differences in costs may be driven by the need to order more tests and assessments for patients not previously cared for in a given hospital. Costs were adjusted for inflation using an inflation factor based on the Consumer Price Index and are reported in 2013 U.S. dollars. Full details of methodologies regarding cost outcomes are available in the online supplement.
Statistical Analysis
We summarized demographic and clinical characteristics, including admission diagnoses, for patients who were rehospitalized at a different versus an index We assessed the association between location of rehospitalization (different vs. index hospital) and hospital mortality using hierarchical relative risk regression, adjusting for hospital of rehospitalization as a random effect. Given that mortality during rehospitalization is relatively common, the odds ratio may overstate the magnitude of the effect (27) ; consequently, we used a hierarchical Poisson regression to obtain the relative risk (28, 29) . Patient-level covariates and hospital-level covariates enumerated above were forced into the model for adjustment. Hospital-level covariates were included for both the index and second hospitals; patient-level covariates were centered around cluster means to facilitate interpretability of their effects (30) . We also examined whether there was a significant interaction between patient type (surgical vs. nonsurgical) and location of rehospitalization, given the reported association with higher long-term mortality specifically for surgical patients rehospitalized at a different hospital (12, 13) . Multicollinearity between covariates was assessed using variance inflation factor and tolerance values (31) .
For secondary outcomes, we examined whether there were differences between patients rehospitalized at different versus index hospitals, and we examined whether length of stay and costs differed for patients who did or did not survive rehospitalization by including an interaction term between survival status and rehospitalization at a different hospital. (For details, see the online supplement.)
Sensitivity Analyses
To confirm the robustness of our primary outcome (mortality during rehospitalization), we performed a number of sensitivity analyses to test whether our results may reflect other differences between patients rehospitalized at a different versus the index hospital that were unaccounted for in our primary analysis. First, we excluded patients who were rehospitalized for an admission diagnosis that may influence the choice of hospital (i.e., acute myocardial infarction, trauma, cerebrovascular accident, any type of cancer or organ transplant). Second, we repeated the analysis using a propensity-matched model, matching patients rehospitalized at a different hospital to those rehospitalized at the index hospital on the basis of having a similar likelihood of being rehospitalized at a different hospital. Third, we accounted for differences in distances traveled by repeating the analysis in a subset of patients rehospitalized at a hospital that is equidistant from their home in comparison to the index hospital (defined as having a difference of ,5 min in driving time to the index hospital and driving time to the second hospital). Last, we accounted for hospital-level differences in care among index hospitals by including index hospital as a fixed effect in the model. (For further details, see the online data supplement.) Database management and statistical analysis were performed using SAS 9.4 (SAS Institute, Cary, NC) and Stata 13.1 (StataCorp LP, College Station, TX) software.
Results
Characteristics of Rehospitalized Patients
Within New York State from 2008 to 2013, 26,947 patients admitted to an ICU with mechanical ventilation survived to hospital discharge and were rehospitalized within 30 days (see Figure E1 in the online supplement). Of these patients, 8,443 (31.3%) went to a different hospital than that of the index ICU admission. Overall, primary (index) hospitalization characteristics were similar between patients rehospitalized at a different as opposed to the index hospital. However, patients rehospitalized at a different hospital had longer index hospital lengths of stay, were more likely to be surgical patients, to have received a tracheostomy during the index hospitalization, and to receive mechanical ventilation without a tracheostomy on rehospitalization; they were also more likely to go to smaller hospitals and less likely to receive care at a teaching hospital on rehospitalization ( Table 1 ). The most common reasons for rehospitalization were similar between patients rehospitalized at a different versus the index hospital, with sepsis being the most common diagnosis. However, patients with "complications of care" were more likely to return to the index hospital (see Table E1 ).
Mortality during Rehospitalization
There was a significant difference in hospital mortality for mechanically ventilated patients rehospitalized at a different versus the index hospital (13.7% vs. 11.1%; adjusted relative risk, 1.11; 95% confidence interval [CI], 1.03-1.20; P = 0.009) ( Table 2 ; for full model, see Table E2 ). An interaction between patient type (surgical vs. nonsurgical) and rehospitalization at a different hospital was not significant (P = 0.60). (Table 2) .
Length of Stay during Rehospitalization
Costs during Rehospitalization
There was no difference in total costs for patients rehospitalized at a different versus index hospital, although costs for diagnostic radiology and cardiology testing were increased (Figure 1) . Again, an interaction between survival and rehospitalization status was significant for most variables (P , 0.001 for total cost, accommodation and ancillary costs; P , 0.05 for diagnostic laboratory and radiology; P = 0.08 for cardiology costs). For patients who survived rehospitalization, costs were uniformly increased (adjusted mean difference in total cost, $1,665.34; 95% CI, $602.12-$2,728.56; P = 0.002), whereas costs were largely decreased for patients who died during hospitalization, with the exception of those related to diagnostic radiology and cardiology testing (adjusted mean difference in total cost, 2$9,632.73; 95% CI, 2$16,387.60 to 2$2,877.88; P = 0.005) (Figure 1 ).
Sensitivity Analyses
To examine the robustness of our primary outcome, we performed four separate sensitivity analyses. When we adjusted for differences in distance to the index hospital versus the second hospital, differences in care at the index hospital, or excluded patients whose admission diagnoses on rehospitalization may have influenced the choice of hospital, our results were similar to those of our primary analysis (Table 3) . For the propensity-matched sample (n = 15,075), the results were also similar ( Table 3) .
Discussion
Rehospitalization within 30 days of hospital discharge is a common occurrence for patients who survive a hospitalization with mechanical ventilation, and approximately one-third are rehospitalized at a hospital different from that of the index ICU stay. In this medically complex patient population with high severity of illness, we found evidence of increased mortality associated with rehospitalization at a different hospital, which was robust to multiple sensitivity analyses. Although use outcomes did not differ overall, we found differential effects for length of stay and costs for patients who did or did not survive rehospitalization.
Our study highlights differential outcomes for patients rehospitalized at a different hospital, but it also raises further questions about why patients experience care fragmentation and why care fragmentation may result in the observed findings. Moreover, care fragmentation is only one potential explanation for our results; alternatively, these differences may represent systemic differences between patients or health care systems. Although we adjusted for multiple patient-and hospitallevel characteristics (including severity of illness) and performed several sensitivity analyses, it is still possible that there are unmeasured differences, with some patients being more likely to undergo particular (12, 13) , and our findings suggest that such care fragmentation is not unique to the surgical population. Our findings are in keeping with these studies in which researchers found increased 30-and 90-day mortality for surgical patients hospitalized at different hospitals (12, 13). We did not find an interaction between surgical status and outcomes during rehospitalization at a different hospital, suggesting that our findings are not driven by excess mortality solely within the surgical population.
Prior studies have shown benefits related to continuity of care with improvements in survival and decreases in rehospitalization and health care resource use (12) (13) (14) (15) (16) (17) (18) (19) (20) . These studies have primarily demonstrated the benefits of continuity of care throughout outpatient medical visits (18, 19) , after hospitalization (defined as being seen by a familiar physician after hospital discharge or providing outpatient physicians with information about the hospitalization) (14) (15) (16) (17) , and having continuity between surgical and primary care providers (20) . Our study extends these findings, focusing on a very high-risk population with high mortality during rehospitalization. The mechanism underlying this potential increase in mortality is unclear, but it may be that incomplete knowledge of the patients results in delays in diagnosis and delivery of appropriate therapy. Consistent with this possibility, we found that patients rehospitalized at their index hospital were more likely to carry an admission diagnosis of "complications of surgical procedures or medical care," which may relate to the index hospital's ability to link the patient's condition on rehospitalization to their prior care. Also, providers may bear a sense of responsibility or investment toward patients for whom they have previously cared and may behave differently when caring for them on rehospitalization.
A common concern associated with fragmented care is that costs will be increased secondary to the repetition of unnecessary testing. Consistent with this hypothesis, we found an increase in costs related to diagnostic laboratory, radiology, and cardiology testing for survivors of rehospitalization. However, data from the outpatient setting are mixed, with continuity of care being Definition of abbreviations: CI = confidence interval; IQR = interquartile range. *Patients rehospitalized at the index hospital is the reference group. This column reports the relative risk for mortality and incidence rate ratio for length of stay. All models are adjusted for age; sex; race; type of patient (surgical vs. nonsurgical); number of Elixhauser comorbidities; type of insurance; rural residence; use of tracheostomy during index hospitalization and mechanical ventilation on rehospitalization; use of dialysis during the index hospitalization and rehospitalization; length of index hospitalization; discharge destination after index hospitalization; risk of mortality on index hospitalization and rehospitalization; and hospital characteristics of index and second hospitals, including rural location, teaching hospital, hospital bed size, and percentage of admissions receiving mechanical ventilation. †
Results of hierarchical relative risk regression, adjusting for second hospital as a random effect. ‡
Results of zero-truncated negative binomial regression using cluster-robust SEs to adjust for clustering by hospital of rehospitalization.
associated with both over-and underuse of diagnostic procedures, depending on the specific test (32) . Consequently, preventing care fragmentation may not necessarily result in decreased testing costs. We found that length of stay and costs were significantly decreased for patients who died during rehospitalization. This decrease in health care use for patients who died in different hospitals may be due to a higher severity of illness leading to faster Breakdown of ancillary costs. Estimated differences in total, accommodation, and ancillary costs (A) were generated using hierarchical linear regression models, adjusting for second hospital as a random effect. Estimates for diagnostic testing costs (B) were generated using two-part models with cluster-robust SEs to adjust for clustering by second hospital. All models are adjusted for age; sex; race; type of patient (surgical vs. nonsurgical); number of Elixhauser comorbidities; type of insurance; rural residence; use of tracheostomy and dialysis during the index hospitalization; use of mechanical ventilation and dialysis during rehospitalization; length of index hospitalization; discharge destination after index hospitalization; risk of mortality on index hospitalization and rehospitalization; and hospital characteristics of index and second hospitals, including rural location, teaching hospital and hospital bed size, and percentage of admissions receiving mechanical ventilation. Costs are reported in 2013 U.S. dollars.
ORIGINAL ARTICLE deaths for those rehospitalized at different hospitals, although gross indicators of severity of illness (risk of mortality and comorbidities) were not significantly different between patients rehospitalized at a different as opposed to the index hospital. These findings may also reflect residual confounding due to unmeasured patient factors, as well as unmeasured hospital factors, because intensity of care has been shown to vary substantially between hospitals (33, 34) . Alternatively, it may be that providers feel less "invested" in a patient admitted at a different hospital and may therefore be more able to move patients toward palliative care options at an earlier stage, or it may be that these hospitals have a greater focus on palliative care than the patient's index hospital. Last, frequent hospital admission has been advocated as a trigger for a palliative care assessment (35) , and rehospitalization itself may serve as an indicator of a patient's ongoing severity of illness, prompting providers to consider other goals of care. Our study has several limitations. Although the use of a state-level database allowed us to examine this question in a comprehensive population, there is substantial state-level variability in the percentage of patients rehospitalized at a different hospital (13) , and New York State may not be representative of all states in the United States; thus, there may be other settings in which this particular type of care fragmentation is not associated with higher mortality for critically ill patients. In particular, because New York does not have as many long-term acute care hospitals as some other states, the rates of rehospitalization for patients who have a tracheostomy may differ in other parts of the country. Furthermore, in analyses adjusting for distance traveled, our results may not be comparable to those using national data, as New York is a largely urban state. Also, because we did not have identifying information about facilities to which patients were discharged, similar to previous studies, driving times for patients discharged to facilities were calculated using the patient's home ZIP code (as opposed to the facility's ZIP code) as a reference point (12) .
In addition to limitations related to a potential lack of generalizability resulting from using a state-level database, the need to use administrative data limits our ability to provide more granular insight into why rehospitalizations at a different hospital are occurring with such frequency and why care patterns and outcomes during the rehospitalizations may differ. Understanding this phenomenon will likely require existing data to be enhanced by novel data sources. This may include mining of the electronic health record (via methods such as natural language processing) to include other factors that are predictive for rehospitalization at a different hospital, as well as qualitative work to understand patient decision making. Last, although it may be necessary to use administrative data to study fragmentation of care, our findings are subject to the pitfalls associated with observational data, including the possibility of misclassification, residual confounding, and the inability to further delineate underlying mechanisms. Consequently, our findings should not be viewed as confirmation of a causal relationship between rehospitalization at a different hospital and our observed outcomes.
In conclusion, rehospitalization at a different hospital than that of the index ICU stay occurred for one in three survivors of critical illness who received mechanical ventilation and was associated with increased hospital mortality. The frequency of such care fragmentation and its associated harm have implications for hospital-level quality improvement initiatives. First, a substantial portion of all patients may be rehospitalized at a different facility than their index hospitalization and may be more difficult to track. Second, reasons underlying care discontinuity and distinct patterns in length of stay and costs for patients who die in different hospitals warrant further investigation. Last, the implementation of initiatives to improve continuity of care may be premature because mechanisms underlying the association between rehospitalization at a different hospital and the observed outcomes are unclear. n Author disclosures are available with the text of this article at www.atsjournals.org. Results of hierarchical relative risk regression in the subset of patients rehospitalized at a hospital equidistant from their home in comparison to the index hospital, defined as having a difference of less than 5 minutes of driving time to the index hospital and driving time to the second hospital (n = 21,600). This model was adjusted for all covariates included in the primary analysis.
x Results of hierarchical relative risk regression, adjusted for index hospital as a fixed effect. This model was adjusted for all patient-level covariates included in the primary analysis, as well as for hospital characteristics of the second hospital, including rural location, teaching hospital, hospital bed size, and percentage of admissions receiving mechanical ventilation.
